Purpose: The objective of this study was to report long-term results of docetaxel, cisplatin, and 5-fluorouracil (TPF) induction chemotherapy followed by concurrent chemoradiotherapy (CCRT) in patients with locoregionally advanced nasopharyngeal carcinoma (NPC) and identify prognostic factors for this group of patients. Materials and Methods: From December 2010 to January 2015, 109 patients with locoregionally advanced (III-IVB) NPC were included. Patients were scheduled to complete TPF induction chemotherapy followed by cisplatin based CCRT. Failure-free survival (FFS), overall survival (OS), locoregional failure-free survival (LRFFS) and distant failure-free survival (DFFS) served as clinical outcomes. Kaplan-Meier method, Cox proportional hazards model and receiver operating characteristic (ROC) curves were used for analyzing. Results: With a median follow-up of 60.2 months (range, 7.9-91.6 months), 3-year FFS, OS, LRFFS, and DFFS were 76.8%, 85.1%, 88.3%, and 84.1%, respectively. The highest incidence rate of recurrence and metastasis were in the first year after treatment. Multivariate analyses showed that age, total time of radiation therapy (RTT), and total time of therapy (TTT) were independent prognostic factors for FFS and OS. Body mass index (BMI), RTT and TTT were significant variables predicting DFFS. TTT was the only independent prognostic factor for LRFFS. Conclusion: This study indicated that TPF regimen produced encouraging results in Asian patients with locoregionally advanced nasopharyngeal carcinoma. Toxicity was tolerable and reversible. However, overall treatment time is an important factor that we should take into consideration when make plans of induction chemotherapy related treatment.
Introduction
Nasopharyngeal carcinoma (NPC) is endemic in Southeast Asia, especially in southern China (1) . Radiation is the mainstay treatment for nondisseminated NPC. The Intergroup trial 0099 (2) disclosed that a combination of chemotherapy and radiation significantly improve survival in NPC Ivyspring International Publisher patients. From then on, the role of chemotherapy has gradually been clarified by many clinical trials (3) (4) (5) . Different treatment regimens have been widely used in clinical practice or in clinical trials in order to achieve better efficacy. In addition, with the advent of intensity-modulated radiotherapy (IMRT), locoregional control has increased dramatically, and a 10% improvement was reported in IMRT group compared to those in groups receiving conventional modality (6) (7) (8) . Overall survival rate for early stage NPC patients was about 90% or better (9) , but for locoregionally advanced NPC patients, it was still unsatisfying. Approximately 60-70% of newly diagnosed NPC patients present with stage III-IVB disease (10) . Distant metastasis (about 30%) is the major failure, which remains problematic and ultimately results in death (11) . Addition of adjuvant chemotherapy (AC) to concurrent chemotherapy (CCRT) was proved to be useless in reducing metastasis among III-IVB stage NPC patients in a previous study (12) . Meanwhile, induction chemotherapy (IC) and concurrent chemotherapy sequence has shown a light on this area. A recent phase 3, multicenter, randomized clinical trial (4) conducted in endemic areas demonstrated that IC regimen with docetaxel, cisplatin and 5-fluorouracil (TPF) benefited distant-failure free survival (DFFS). A significant reduction of distant metastasis in IC group was found when compare to the CCRT group in their study, which translated to improved failure-free survival (FFS) and overall survival (OS). However, the results of long-term survival have not been reported yet.
Thus, this study aimed at reporting long-term survival of a series of locoregionally advanced NPC patients treated with TPF IC followed by CCRT and identifying prognostic factors for this group of patients.
Materials and Methods

Patients and Treatments
From December 2010 to January 2015, 109 patients with locoregionally advanced (III-IVB) nasopharyngeal carcinoma treated in San Yat-sun University Cancer Center were included. The 7th edition of the American Joint Committee on Cancer (AJCC) staging system was used for staging, and all patients underwent TPF IC with docetaxel, cisplatin and 5-fluorouracil, followed by IMRT with concomitant chemotherapy.
Patients with previously untreated, non-distant metastatic, newly histologically confirmed nonkeratinising 7th AJCC stage III-IVB nasopharyngeal carcinoma were eligible. The patients has to be 18-69 years with performance status (as per the Eastern Corporatized Oncology Group) scores of 0-1, and adequate bone marrow, liver and renal function. Exclusion criteria were as follows: treatment with palliative intent; multiple primary tumors; pregnancy or lactation; a history of previous radiotherapy, chemotherapy or surgery (except diagnostic) to the primary tumor or nodes; any severe coexisting diseases.
The protocol was approved by the ethics committee of Sun Yat-sen University Cancer Center.
Chemotherapy
All eligible patients received three cycles of IC and two to three cycles of concurrent chemotherapy. IC administered as follows: docetaxel 60 mg/m 2 day 1, cisplatin 65 mg/m 2 day 1 and 5-fluorouracil 550 mg/m 2 days 1-5, repeated every 3 weeks. Concurrent chemotherapy consisted of cisplatin 80 mg/m 2 day 1, repeated every 3 weeks. Dose adjustment of chemotherapy were allowed for following situations: 1. In cases of hematological toxicity, chemotherapy withheld until neutrophil counts and platelet counts recovered to ≥1500 cells per μl and ≥100000 cells per μl, respectively. 2. In cases of renal or liver toxicity, chemotherapy withheld until adequate renal function and liver function regained. Dose modification based on nadir blood counts and interim toxicities of preceding cycle. Docetaxel dose reduced by one level (10 mg/m²) if patients presented with following situations: 1. A second episode of febrile neutropenia, neutropenic infection or neutropenia lasting for longer than 7 days. 2. A first episode of grade 4 thrombocytopenia. 3. Elevation of aspartate aminotransferase, alanine aminotransferase or alkaline phosphatase levels (more than 2.5 to 5.0 times the upper limit of normal). 4. A first episode of grade 4 diarrhea or a second episode of grade 3 diarrhea. 5. A grade 4 mucositis. Cisplatin dose reduced by one level (10 mg/m² in induction phase and 20 mg/m² in concurrent phase) if patients had grade 3 neutropenia or grade 2 thrombocytopenia (concurrent phase only), a grade 2 neurotoxicity, creatinine clearance of 40-60 mL/min or grade 2 neutropenia. 5-fluorouracil dose was reduced by one level (100 mg/m²) if patients reported a first episode of grade 3-4 diarrhea or grade 3 mucositis. Chemotherapy was stopped completely in following cases: 1. Creatinine clearance of <40 mL/min. 2. Aspartate aminotransferase, alanine aminotransferase or alkaline phosphatase >5 times the upper limit of normal. 3. Second episode of grade 4 diarrhea, ≥grade 3 neurotoxicity or ototoxicity. Prophylactic granulocyte colony-stimulating factor was only allowed if a patient had febrile neutropenia, a neutropenic infection, a delay in recovery of the absolute neutrophil count at day 28 or grade 4 neutropenia persisting for ≥7 days in preceding cycle. Prophylactic antibiotics were allowed in grade 4 neutropenia. In addition, chemotherapy stopped if physician in charge believed that further chemotherapy might hamper RT or if patient refused.
Radiotherapy
Treatment with IMRT was mandatory in this study. Gross tumor volume included primary tumor and enlarged lymph nodes. High-risk clinical target volume was defined as the nasopharyngeal gross tumor volume plus a 5-10 mm margin (2-3 mm posteriorly if adjacent to brainstem or spinal cord) to encompass the high-risk sites of microscopic extension and the whole nasopharynx. Low-risk clinical target volume was defined as high-risk clinical target volume plus a 5-10 mm margin (2-3 mm posteriorly if adjacent to brainstem or spinal cord). It included skull base, clivus, sphenoid sinus, parapharyngeal space, pterygoid fossae, posterior parts of the nasal cavity, retropharyngeal nodal regions and the elective neck area from level IB to V. Radiotherapy was performed with 5 fractions (F) weekly of 70 Gy/ 33 F or 68 Gy/30 F (2.12 Gy or 2.26 Gy/F). Concurrent chemoradiotherapy (CCRT) administered 3 weeks after start of the last cycle of TPF in intervals.
Evaluation of response and toxicity
After 2 to 3 weeks completion of last cycle of IC, response to the therapy was assessed by magnetic resonance imaging (MRI) and clinically by flexible nasopharyngoscopy. Treatment response was evaluated according to Response Evaluation Criteria in Solid Tumors criteria (version 1.1) (13) as complete response (CR), partial response (PR), stable disease (SD), disease progression (PD) or not assessable. Effective response was defined as CR + PR. The Common Toxicity Criteria for Adverse Events (CTCAE V3.0) system (14) was used to evaluate toxicity before each cycle of chemotherapy. Hematologic assessments were performed weekly to determine the toxicity at nadir. The highest grade of toxicity was recorded for analysis in this study.
Follow-up and end-points
After treatment, patients were followed-up every 3 months for the first 3 years and every 6 months thereafter until the fifth year. The intervals between follow-ups were to 12 months after 5 years. Patients were monitored through phone calls or outpatient clinic follow-up visits. The location and timing of tumor recurrence and metastasis were documented. Patients with locoregional relapse and/or metastatic disease could receive re-irradiation, surgery and/or chemotherapy according to individual situations. Failure-free survival (FFS), overall survival (OS), locoregional failure-free survival (LRFFS) and distant failure-free survival (DFFS) served as clinical outcomes. All intervals were calculated from the start of treatment. OS was defined as the time until death from any cause. FFS was defined as the time until the date of treatment failure or death from any cause, whichever occurred first. LRFFS was defined as the time until the first recurrence in the nasopharynx and/or cervical region after radiotherapy. DFFS was defined as the time until distant metastasis.
Statistical analysis
Survival rates were calculated using KaplanMeier method. Cox proportional hazards model was used to calculate hazard ratios (HRs). Multivariate analyses were performed using Cox proportional hazards model to test the statistical independent factors. SPSS version 19.0 (SPSS, Inc., an IBM Company; Chicago, IL, USA) was used for statistical analyses. A two-tailed p-value of less than 0.05 was considered as statistically significant.
Results
Patient characteristics and determination of cutoff values for gap between treatments RTT, and TTT
A total of 109 patients were included in this study. The last follow-up was in July 30th 2018, median follow-up for the entire cohort was 60.2 months (range, 7.9-91.6 months). Of all the 109 patients, one did not complete radiotherapy because of refusal after a grade 4 neutropenia following a radiation dose of 54.76 Gy/24 F. This patient was included in the toxicity analysis but excluded in survival and prognostic analyses. Characteristics of all patients were listed in Table 1 .
Cutoff values for various variables were calculated by using receiver operating characteristic (ROC) curves based on FFS. The cutoff value for age was 46 years (the sensitivity was 78.6% and the specificity was 55.0%), with an area of 0.687 (P = 0.003). Similarly, the optimal cutoff value for the gap period between the initiation of RT and the initiation of IC (GAP = RT initiation date − IC initiation date) was 71 days (the sensitivity was 75.0% and the specificity was 64.0%) with an area of 0.640 (P = 0.028). The optimal cutoff value for RTT (RTT = RT completion date − RT initiation date) was 50 days (the sensitivity was 46.4% and the specificity was 88.7%) with an area of 0.739 (P < 0.001). The optimal cutoff value for TTT (TTT = all treatment completion date − IC initiation date) was 122 days (the sensitivity was 60.7% and the specificity was 81.2%) with an area of 0.674 (P = 0.006). However, we could not find a cutoff for BMI, as area under curve was 0.419 (P = 0.206). Thus, BMI was analyzed as a continuous variable in multivariate analysis.
Acute and late toxicity
During IC, grade 3-4 acute toxicities included leukopenia, neutropenia, anemia, hepatic impairment, vomiting and nausea, and diarrhea, which occurred in 57.8%, 71.5%, 0.9%, 0.9%, 3.7%, and 11.9% of cases, respectively. In addition, eight (7.3%) patients presented with neutropenic fever. During RT period, grade 3-4 toxicities of leukopenia, neutropenia, thrombocytopenia, anemia, vomiting and nausea, diarrhea, dysphagia, and mucositis were found in 17.4%, 20.2%, 1.8%, 0.9%, 0.9%, 0.9%, 10.1%, and 37.6% of all patients, respectively. Neutropenic fever was recorded in two (1.8%) patients. Details of incidence rates of above toxicities were listed in Table  2 . In terms of late toxicity, nine (8.3%) patients developed unilateral or bilateral hearing loss (30%-50%), of which three patients gradually developed unilateral deafness. Unilateral tinnitus was detected in one patient. One patient lost sight bilaterally and one lost sight unilaterally. Two patients experienced blurred vision unilaterally. Two patients presented with temporal lobe necrosis, one with masticatory muscle necrosis, and one with dystaxia due to radiation.
Compliance and clinical response
Of all patients, 108 completed full course of RT and treatment was terminated in one patient due to refusal. Twelve patients (11.0%) completed only one cycle of IC, 10 patients received 2 cycles, 87 (79.8%) patients completed three cycles of IC. In terms of concurrent chemotherapy, only two (1.8%) patients received three cycles of cisplatin chemotherapy during RT, as listed in Table 1 . The effective response rate to induction chemotherapy in the nasopharynx was 93.6% (complete remission 83.5% + partial remission 10.1%), 6.4% was observed with stable disease. The CR and PR rates were 81.7% and 14.7% in the cervical node, while stable disease was in 3.7% patients in the cervical node (Table 3) .
Survival analysis and patterns of disease failure
Among 108 of 109 patients who completed radiotherapy, 22 (20.4%) deaths occurred. The 3-year FFS, OS, LRFFS, and DFFS were 76.8%, 85.1%, 88.3%, and 84.1% respectively. Survival curves of FFS, OS, LRFFS, and DFFS were shown in Figure 1 . Twenty-eight patients showed disease progression, 12 (11.1%) showed locoregional recurrence and 19 (17.6%) developed distant metastases, three patients underwent both, details were shown in Table 4 . In (11/12) 92.0% of recurrence cases, recurrence occurred in the first three years of follow-up, while only one patient showed disease relapse in the fourth year; no recurrence was found after the fifth year to the last follow-up day. A similar trend was observed in occurrence of metastases. The highest incidence rate of recurrence and metastasis occurred in the first year after treatment (Fig 2) . 
Univariate analysis
In univariate analysis, age ( ≥ 46y vs < 46y), N-stage (N2-3 vs. N0-1), GAP (≥71 days v . <71 days), RTT (≥50 days vs. <50 days) and TTT (≥122 days vs. <122 days) were significant prognostic factors predicting FFS. Age, GAP, RTT and TTT were significant factors predicted OS. GAP, RTT and TTT were significant predictive factors for LRFFS. Age, BMI, N-stage, GAP, RTT and TTT were significant predictive factors for DFFS. Details were listed in Table 5 .
Multivariate analysis
The prognostic factors found in univariate analysis were included in multivariate analysis. As there was a significant correlation between GAP and TTT (correlation coefficient = 0.704, P < 0.001), the variable GAP was not included in multivariate analysis together with TTT. Table 6 summarized the independent predictors for OS, FFS, LRFFS and DFFS. Age, RTT and TTT were independent prognostic factors for OS and FFS (P=0.022, 0.001, <0.001 and 0.007, 0.006, < 0.001, respectively). The significant variables that predicted DFFS were BMI, RTT and TTT (P=0.020, 0.003 and 0.012). TTT was the only independent prognostic factor for LRFFS (P=0.009).
Discussion
The definition of locoregionally advanced NPC included patients with T3-4 stage and/or N2-3 stage tumors but without systemic metastases according to AJCC staging system (7th edition). It has been reported that locoregionally advanced tumor stage (III-IVB) was an independent risk factor for treatment failure. Distant metastasis has emerged as the predominant manifestation of failure and the key problem to be solved in the new era of highprecision radiotherapy (6, 15) . From the mid-1990s, CCRT + AC has been deemed as standard treatment for locoregionally advanced NPC based on Intergroup 0099 study and three phase III clinical trials in endemic areas (2, (16) (17) (18) . In general, three different strategies have been explored: before (inductive), during (concurrent) and after (adjuvant) RT. Each combined modality has advantages and disadvantages and has been extensively investigated in last two decades. We reviewed a series of articles pertaining to 21 phase II/III randomized trials that investigated the role of CCRT in patients with locoregionally advanced NPC (2,4, 23-32,12,33,16-22) . Abbreviation: OS = overall survival, FFS = failure free survival, LRFFS = locoregional failure-free survival, DFFS = distant failure-free survival, T = tumor, N = node, GAP = RT initiation date − IC initiation date, RTT = radiation therapy completion date -radiation therapy initiation date, TTT = all treatments completion date -induction chemotherapy initiation date. Abbreviation: OS = overall survival, FFS = failure free survival, LRFFS = locoregional failure-free survival, DFFS = distant failure-free survival, RTT = radiation therapy completion date -radiation therapy initiation date, TTT = all treatments completion date -induction chemotherapy initiation date.
In 1998, the Intergroup trial 0099 based in the United Stated (2) was terminated prematurely, as the interim analysis disclosed a significant survival advantage favoring the combined concurrentadjuvant chemoradiotherapy group (OS increase of about 31% in this group when compared to RT alone). However, a series of concerns were raised as follows: 1. The inferior results of RT-alone group were not matched with that of the counterpart group in the endemic area. 2. The proportion of NPC patients with non-keratinizing undifferentiated carcinoma (World Health Organization [WHO] types III) was only 41% in this study, which was more common in endemic regions (34) . Whether the results could be directly applied in non-American NPC patients was uncertain. According to result of 0099, CCRT + AC had been recommended as the standard treatment for locoregionally advanced NPC by National Comprehensive Cancer Network (NCCN) for a long time. Three additional trials (16, 19, 20) were conducted in Asia to further confirm the efficacy and safety of this treatment modality. These trials found no significant difference in OS rates between CCRT + AC group and RT alone group. Further, a different trial (19) revealed a concerning increase in non-cancer deaths in the CCRT + AC group: 1.7% treatmentrelated mortalities and 4.7% were because of "incidental" causes (including infection, second malignancy and suicide). And the compliance of AC reported in the above studies was low. Contemporaneously, studies evaluating IC + RT vs. RT were conducted in southern China. IC, regarded as a promising strategy, was administered with an aim to eradicate distant micro-metastases and decrease tumor burden at the primary site before radiation. However, five phase III trials (25) (26) (27) (28) (29) demonstrated accordant results that IC failed to achieve a significant survival advantage in locoregionally advanced NPC. Researchers of these studies speculated that the reasons for the negative results might as follows: 1. Agents and dose administered might not been adequate. 2. Two to three cycles of IC may not sufficient to eradicate all distant micro-metastases. 3. Screening criteria included more patients with low risk for distant failure. 4. Prevalence of an excess of chemotherapy-related deaths and RT refusal. Three other trials have tested RT alone + AC regimen (21) (22) (23) and consistently found no survival advantage from AC after RT alone. A lower OS in RT + AC group was observed, although no significant difference was found. Taken together, we cannot exclude the possibility that subtle damage by AC may have led to the observed non-cancer-related deaths. Thereafter, studies focusing on CCRT aimed to find optimal treatment modes for NPC. Phase III trials of CCRT vs. RT alone conducted in Taiwan (18), Hong Kong (17), and Guangzhou (24) found satisfactory results favoring the CCRT group. In the year 2012, one study with a large simple size conducted by Chen et al. showed that the addition of AC to CCRT did not significantly improve survival compared with CCRT alone (12) . The NCCN Panel revised the recommendation from category 1 to category 2A of CCRT + AC for NPC. Therefore, doctors have shown renewed interest in re-exploration of "inductiveconcurrent" strategy in locoregionally advanced NPC. The results of a phase II randomized trial (31) suggested that inductive docetaxel and cisplatin chemotherapy followed by cisplatin combined with RT was a highly feasible sequential strategy for locoregionally advanced NPC. The preliminary results of this trial showed 10% reduction of distant metastases by using this regimen. However, a phase III randomized study (32) conducted in Singapore failed to show improved survival by adding IC to concurrent chemotherapy. And another study (33) from Guangzhou demonstrated superior DFS but not OS. Apart from reasons mentioned previously, the following two reasons were considered in these studies: 1. The use of IMRT could have led to better disease control in both arms, and may have impinged on the efficacy of IC. 2. The possibility of accelerated repopulation. Nevertheless, it was recognized that more effective IC regimens may well exist. Recently, one study conducted in Guangzhou (4) reported that the most suitable IC regimen for locoregionally advanced NPC patients with more rigorous inclusion criteria of stage III-IVB and excluding stages T3-4N0 was TPF in three cycles, every 3 weeks. The 3-year FFS and OS were 80% vs. 72% (P = 0.034) and 92% vs. 86% (P = 0.029) in the IC + CCRT group and the CCRT group, respectively. IC followed by RT ± chemotherapy was revised as a category 2A recommendation in NCCN guideline based on this study.
In our study, the 3-year FFS was in agreement with that reported in previous studies (4, 32, 33) (76.80% in ours vs. 75%, 80%, 82% in previous studies) and was slightly improved when compared with historical controls that used CCRT alone (67.4%, 72%, 74.1%). The OS was slightly lower than that reported by above studies (85.1% in the present study vs. 94%, 92%, and 88.5% in previous studies). More than half of patients experienced delays (≥110 days, the planned treatment time interval) in the scheduled treatment plan. The most common factors that contributed to the high percentage of delays in administration of RT were myelosuppression and acute toxicity during chemoradiotherapy (especially oral mucositis). One of the most important finding in present study was that RTT and TTT were independent prognostic factors for FFS, OS and DFFS. In contrast to findings of current study, one previous study showed that in patients who underwent CCRT alone, during the total treatment time between 36 to 63 days, a mild delay did not compromise tumor control and OS (35) . The primary difference between these two studies lies in the use of IC. Therefore, we speculated that accelerated repopulation triggered by IC was thought to be the possible reason for the difference in outcomes (36) (37) (38) . If so, the subsequent RT may render less effective when it was administered at the time of accelerated tumor repopulation. Moreover, this hypothesis could explain why impressive initial tumor response to IC did not translate into enhanced tumor control in several early studies (32, 39) . Concurrent chemotherapy after IC could be one way to counter this negative effect of IC. The use of more cycles in the inductive setting needs to be re-examined since this type of regimen may allow accelerated repopulation of surviving tumor cells and impair local control that could have be achieved by subsequent RT.
The agents, dosage, course, timing of delivery chemotherapy and screening criteria for NPC patients are still controversial. The primary focus of current clinical trials includes therapeutic agents, treatment course, and inclusion criteria. Ongoing trials such as the NCT01872962 and NCT02512315 aim to address the role of induction chemotherapy and find individualized treatments for patients with locoregionally advanced NPC.
In conclusion, this study indicated that TPF regimen produced encouraging results in Asian patients with locoregionally advanced nasopharyngeal carcinoma. Toxicity was tolerable and reversible. However, overall treatment time is an important factor that we should take into consideration when make plans of induction chemotherapy related treatment.
